The distribution and gene frequencies of ABO and rhesus (Rh) blood groups and haemoglobin variants for samples of the Nigerian population at Ogbomoso was determined. Data consisting of records of blood groups and haemoglobin types of different ages ranging from infants to adults for a period of 4 to 6 years (1995 -2000) was collected from Baptist Medical Centre (BMC), Ladoke Akintola University of Technology Health Centre (LAUTHC) and Oyo State General Hospital (OSGH), all in Ogbomoso, Oyo State, Nigeria. Overall, a total number of 7653, 7053 and 14,845 individuals were typed for ABO and Rh blood groups, and haemoglobin genotypes, respectively. 3824 (50%) were blood group O, 1750 (22.9%) were blood group A, 1629 (21.3%) were blood group B and 450 (5.9%) were blood group AB. This distribution differs significantly (P<0.05) from those expected under the Hardy Weinberg law. The proportion of the individuals belonging to the various ABO blood groups also varied significantly (P<0.05) over the period of the study. Overall gene frequencies for the A, B and O alleles were 0.15, 0.15 and 0.70, respectively. For the Rh blood group 6823 (96.7%) were Rh-positive (DD and Dd) while 230 (3.3%) were Rh -negative (dd). The distribution and proportion of individuals belonging to each group did not differ significantly from those expected under the Hardy Weinberg law (P>0.05). The gene frequencies of D and d alleles were 0.82 and 0.18, respectively. Six haemoglobin genotypes were recorded in the order of AA (68.1%) > AS (21.0%) > AC (5.7%) >SS (3.0%) >SC (2.0%) >CC (0.3%). The gene frequencies were 0.81, 0.14 and 0.04 for A, S and C alleles, respectively. Our results are representative of the distribution of these genetic variants in Nigeria.
INTRODUCTION
The most famous blood groups are those of ABO and Rhesus (Rh) series. Both are routinely typed for in any blood bank or blood transfusion service. The Rh blood groups rank with ABO groups in clinical importance because of their relation to haemolytic disease of the newborn (HDN) and their importance in blood transfusion. The Rh is genetically complex but it is simply *Corresponding author. E-Mail: adebakar19@yahoo.com. Tel: +2348023255904.
described in terms of a single pair of alleles, D and d. Rhesus positive (Rh+ve) persons are DD and Dd, and Rhesus negative (Rh-ve) are dd. The first discovery that the frequencies of the blood groups differed from one population to another was made in the early 20 th century. Subsequent results from practically all countries of the world have corroborated this, and have also shown that frequency figures are valid only for the specific population from which they are derived (Mourant et al., 1976) .
The haemoglobin variants on the other hand, constitute the most thoroughly studied and most completely (Winter, 1987) . In West Africa, reports have been provided to show the distribution pattern of ABO and Rh blood groups and haemoglobin variants in a few countries including Nigeria. However, most of these studies only reported the observed phenotypes; but not the genotypic and allelic frequencies, and their occurrences among certain age range persons (Muller, 1927; Chalmers et al., 1952; Garlick and Barnicot, 1957; Yankah, 1965; Coker, 1976; Ahmed et al., 1993) . However, gene frequencies among random population of people will give more accurate distribution pattern among the persons.
There has been no known data of the distribution pattern and frequency of ABO and Rh blood group and haemoglobin variants from Ogbomoso. This study aims at providing information on the distribution pattern of the phenotypes and genotypes, and the gene frequencies of these genetic variants in Ogbomoso; with a view to contributing to existing knowledge on the subject matter.
MATERIALS AND METHODS
Data were collected from 3 different hospitals in Ogbomoso (8°N and 4° 3′E). These are Ladoke Akintola University of Technology Health Centre (LAUTHC), Oyo State General Hospital (OSGH) and Baptist Medical Center (BMC). Records for different ages ranging from infants to adults for 6 consecutive years, 1995 -2000, were collected. At LAUTHC, we were deeply involved (with the assistance of the Chief Technologist) in blood typing of a few number of patients in 1999/2000. For each test, a drop of blood from a sterilized finger was used.
ABO and Rh blood group tests were carried out on a white porcelain tile and or microslide using blood grouping sera (Lome Laboratories Ltd., UK.; BIOTEC Laboratories Ltd., UK. ). The haemoglobin type was determined using Hb -electrophoresis. The genotypic and allelic frequencies were computed based on HardyWeinberg formulations. Heterogeneity tests between years were calculated using the chi-square test (The Open University, 1983). Goodness-of-fit statistics were calculated for the figures observed compared to values expected using the Hardy-Weinberg equilibrum (Russell, 1998) .
RESULTS
The different types and distribution of ABO and Rh blood group system recorded in the 3 hospitals in Ogbomoso, from 1995 to 2000 are shown in Table 1 . Overall, a total number of 7653 and 7053 individuals were typed for ABO and Rh blood groups, respectively.
The data from the 3 hospitals combined shows that 22.9% were blood group A, 21.3% were blood group B, (Tables 1 and 2 ). The proportion of individuals belonging to the various ABO blood groups varied significantly over the period of the study (X 2 =66.47, df=2, P<0.05); and the distribution also differed significantly from those expected under the Hardy Weinberg equilibrium {(Goodness-of-fit X 2 = 47.25, df=3, P<0.05) Table 3} . However, the proportion (X 2 = 0.91, df=1, P>0.05) and the distribution {(Goodness-of-fit X 2 = 1.58, df=1, P>0.05) Table 3} of Rh blood group individuals is on the contrary. Table 2 also presents the frequencies of the various genotypes in the ABO and Rh systems. In all, for example, the frequency of BB genotype was 0.0225 while that of BO genotype was 0.21. Thus, among those who are blood group B, 9.6% were homozygous BB Table 4 presents the phenotypic distribution and gene frequencies of the haemoglobin types in the study sites from 1995 to 2000. Three different haemoglobin types were recorded. They are Hb A, C and S and they occurred in 6 genotypic combinations as AA, AS, AC, SC, SS and CC. The overall order of occurrence is AA (68.1%) > AS (21.0%) > AC (5.7%) > SS (3.0%) > SC (2.0%) > CC (0.3%). The gene frequencies were 0.81, 0.14 and 0.04 for A, S and C alleles, respectively.
DISCUSSION
In this study, the gene frequencies of ABO and Rh blood groups and haemoglobin variants of individuals typed in Ogbomoso were considered. Though the allelic frequencies of each blood group per year are similar, there was significant variation in the proportion of individuals belonging to the various ABO blood groups. This was due to distinct variation in the number of observed and expected individuals at LAUTHC (Table 3) . And also due to fewer records obtained for all the blood groups at OSGH, which might be a function of poor record keeping in the hospital. Data from the 3 hospitals showed that there were more O blood group in this survey. The allelic frequency of O (0.70) was also higher than those of A (0.15) and B (0.15). This is due to the fact that many of the individuals who are of blood groups A and B may have been heterozygous, carrying one O gene together with an A or B gene. Bernstein (1924) reported that the genetics of the ABO blood group system were dependent on a set of three allelic genes I A , I B and I O . I A and I B are co-dominant in blood group AB and both are dominant to I O . The observed values and frequency figures are similar to those previously reported by other workers in Nigeria ( Odaibo et al., 1974; Onwukeme, 1990; Njoku et al., 1996; Omotade et al., 1999; Falusi et al., 2000) . They independently reported ABO blood group frequencies in the order O > A ≥ B > AB. This is in concert with the fact that Nigerian populations are characterised by high frequencies of the O allele and an average of about 14% each of the A and B genes (Odeigah, 1990) .
On the rhesus factor, the proportion of Rh -ve (3.3%) is far lower than for Rh +ve (96.7%) within the period of study. Overall, 97% (consisting of 67% of DD individuals and 30% of Dd individuals) were phenotypically Rh +ve while 3% were Rh -ve. This is in agreement with what is expected from the Hardy Weinberg equilibrum. Our results are in contrast to that of Salmon et al. (1988) and Njoku et al. (1996) who reported rhesus positive values of 100% for Eastern Highlands of Papua Guinea and Nigeria, respectively. It is also disimilar to that in Indians with a preponderance of the Rh(d) of 89.7% over the Rh(D) gene of 10.3% (Thangaraj et al., 1992) . Our data are however, similar to findings among Africans, West Indians and Blacks living in Britain (Arneaud and Young, 1955; Yankah, 1965; Worlledge et al., 1968; Leck, 1969; Coker, 1976; Omotade et al., 1999; Falusi et al., 2000) . It is also in concert with the fact that the frequency of Rh(d) is often low in parts of the world where malaria is endemic (Emery, 1979; Falusi et al., 2000) . The data for haemoglobin types is lowest at OSGH probably due to poor record keeping in the hospital. Of the 6 haemoglobin genotypes recorded in the 3 hospitals, HbAA has the highest proportion (68.1%) while HbCC has the lowest (0.3%) ( Table 4) . The alleles A, S and C control these genotypes and they occurred at a frequency of 0.81, 0.14 and 0.04, respectively. These frequencies are similar to those previously reported for Ivorian, Ghanaian and Nigerian populations of West Africa (Cabannes et al., 1987) .
Of clinical interest are alleles S and C because they are abnormal, and in particular S due to the sickling phenomenon associated with it. Overall, both occurred, apart from in the heterozygous state with Hb A (i.e. AC and AS), at a relatively low proportion of 2.0% in their heterozygous state (SC) and 3.0% and 0.3% in their homozygous state; SS and CC, respectively (Table 4) . Considering the data of each hospital separately, there were more HbSS at BMC and OSGH than at LAUTHC; and also more HbCC at BMC than at OSGH and LAUTHC. This might be due to records of several numbers of infants taken at BMC and OSGH. It is possible that in an institution of higher learning (such as where LAUTHC is situated) very few of individuals with HbSS would qualify for admission, their primary and secondary education having probably been disturbed by frequent illness. Also a high proportion of all HbS homozygotes in Africa die in infancy of sicke cell anaemia (SCA) (Cabannes et al., 1987) . The appreciable value of HbSS obtained in this study might be due to the fact that many now reside in urban communities with improved medical services.
The proportion and genotypic frequencies of the haemoglobin variants in our survey is in good agreement with Walters and Lehmann (1956) and Garlick and Barnicot's (1957) figures for a large sample of Yorubas of all ages and with Allison's (1956) for Yorubas resident in Accra.
This report clearly present the distribution and more importantly, the gene frequencies of the alleles controlling the ABO and Rh blood group system and haemoglobin variants for samples of the Nigerian population at Ogbomoso. Data obtained may serve as reference for other studies in this field. It may also be useful in the planning of blood transfusion programmes, since they are an integral part of the genetic profile of the Nigerian population.
